r Chronic administration of the selective noradrenaline reuptake inhibitor (NRI) reboxetine (RBX) increased and prolonged the long-term potentiation-like plasticity induced by anodal transcranial direct current stimulation (tDCS) for over 24 h.
Introduction
Noradrenaline affects learning and memory processes via modulating long-term potentiation (LTP) and depression (LTD) (Tully et al. 2007; Wallings et al. 2016 ). The precise effect of noradrenaline on plasticity, as explored in animal models, is complex and depends on receptor subtype, concentration and site of action (Marzo et al. 2009 ). Specifically, noradrenaline affects the direction of LTP as well as LTD. Its specific impact depends on the activation of α-and β-adrenoreceptors (Kemp & Manahan-Vaughan, 2008; Marzo et al. 2009 ). Activation of adrenoreceptors affects various intracellular factors and modifications of ion channel opening (Marzo et al. 2009 ). Importantly, adrenoreceptors also impact on N-methyl-D-aspartate (NMDA) and γ-aminobutyric acid (GABA) receptors, and therefore influence the direction of LTP and LTD (Lei et al. 2007) .
Non-invasive brain stimulation techniques such as transcranial direct current stimulation (tDCS) have been established to induce LTP-and LTD-like cortical excitability alterations in humans (Nitsche & Paulus, 2000) . tDCS induces polarity-dependent plasticity via its primary subthreshold effects on resting membrane potentials (Purpura & McMurtry, 1965; Nitsche et al. 2007) . Anodal stimulation elicits neural depolarization, which enhances cortical excitability, whereas cathodal tDCS results in neural hyperpolarization, which diminishes cortical excitability. Stimulation for some minutes results in respective neuroplastic effects, which depend on glutamatergic mechanisms and are calcium-dependent (Nitsche & Paulus, 2000 Nitsche et al. 2003a Nitsche et al. , 2005 . Nevertheless, tDCS-induced plasticity differs from classical plasticity induction protocols, used primarily in vitro. The latter involve not tonic subthreshold, but pulsatile suprathreshold stimulation. Thus, mechanisms of plasticity might not be identical, although similarities like NMDA receptor dependency and calcium dependency are present (Liebtanz et al. 2002; Nitsche et al. 2003b) . A previous study has shown that acute administration of the monoamine reuptake inhibitor amphetamine enhances the duration of the aftereffects of anodal tDCS (Nitsche et al. 2004) . Furthermore the aftereffects induced by both anodal and cathodal tDCS were reduced by a β-adrenergic receptor blocker (Nitsche et al. 2004) . The results of this study suggest that the adrenergic system significantly impacts on plasticity in humans, which is in accordance with the results from animal studies (Nakadate et al. 2006; Marzo et al. 2009) .
Psychiatric diseases such as major depression are accompanied by compromised LTP, which can be restored by antidepressant treatment (Campell & Macqueen, 2004; Castren, 2004) . Patients with major depression show reduced LTP-like plasticity, as compared with healthy controls, and administration of antidepressant agents can increase LTP-like plasticity (Normann et al. 2007) . Furthermore, chronic administration of the selective noradrenaline reuptake inhibitor (NRI) reboxetine (RBX) restored spatial learning deficits and hippocampal synaptic plasticity in an animal model of depression (Bhagya et al. 2015) . For studies in humans, acute administration of RBX improves cognition and motor performance in healthy and depressed subjects (Ferguson et al. 2003; Plewnia et al. 2004; Wang et al. 2009 ). In summary, selective NRIs might partially exert their treatment effects by enhancing LTP-like plasticity in depression, and therefore improve learning and cognition. Thus selective NRIs might have a potential for treatment of psychiatric diseases accompanied by pathological alterations of plasticity. Knowledge about the impact of noradrenergic enhancement in humans on plasticity is, however, limited at present. Clinically, it usually takes weeks to obtain therapeutic effects through selective NRIs (Kasper et al. 2000) , such that it might be relevant to learn about the impact of chronic noradrenergic activity enhancement on physiological processes.
Here, we explored the impact of single dose and chronic noradrenergic receptor activity enhancement via administration of the selective NRI RBX on tDCS-induced motor cortical plasticity. We hypothesized that RBX increases LTP-like plasticity induced by anodal tDCS, whereas cathodal tDCS-induced LTD-like plasticity should be abolished or converted into excitation. Additionally, a foregoing study found that chronic administration of the selective serotonin reuptake inhibitor (SSRI) citalopram increased and prolonged tDCS-induced LTP-like plasticity in healthy subjects as compared to placebo (Kuo et al. 2016) . This might indicate more stable serotonergic enhancement or upregulation of respective receptors due to chronic administration (Pariente et al. 2001; Coppell et al. 2003) . Since serotonin and noradrenaline are both neuromodulators and are effective for treating depression, they might show some similar patterns to the same plasticity-induction protocol. We furthermore hypothesized that chronic administration of RBX should induce more prominent effects as compared to single dose administration.
Methods

Ethical approval
The study was approved by the ethics committee of the University Medical Center of Goettingen, and conformed to the standards set by the Declaration of Helsinki (2008 version) . Written informed consent was obtained from all subjects who participated in the study before inclusion.
Subjects
Sixteen right-handed, healthy subjects participated in the experiments (8 males, age 27.5 ± 4.01 (standard deviation) years). Subjects were all right-handed, and between 18 and 50 years old. They had no history of chronic or acute neurological, psychiatric, or medical diseases, no family history of epilepsy, no present pregnancy, no cardiac pacemaker, no previous surgery involving implants to the head (cochlear implants, aneurysm clips, brain electrodes), and absent acute or chronic medication or drug intake, including nicotine consumption. Participants familiar with non-invasive brain stimulation and pharmacological studies were preferred. However, responder or non-responder status (i.e. to tDCS) did not serve as a criterion to include or exclude participants and we did not check for genetic polymorphisms (brain-derived neurotrophic factor, catechol-O-methyl transferase, or others).
Transcranial direct current stimulation
Direct current was applied through a pair of saline-soaked surface sponge electrodes (35 m²) and delivered by a battery-driven constant current stimulator (neuroConn GmbH, Ilmenau, Germany) with a maximum output of 4.5 mA. The stimulating electrode was placed over the representational hotspot of the right abductor digiti minimi (ADM) muscle identified with transcranial magnetic stimulation (TMS), and the return electrode was placed contralaterally above the right orbit. A current strength of 1 mA was administered for 9 min for cathodal tDCS and 13 min for anodal tDCS. These stimulation durations induce cortical excitability alterations lasting approximately for 1 h after the end of stimulation (Nitsche & Paulus, 2001; Nitsche et al. 2003a) . In our study, we aimed to keep the classical protocol identical to other pharmacology-tDCS studies in our lab to enhance comparability between studies (Kuo et al. 2008; Monte-Silva et al. 2010; Fresnoza et al. 2014) .
Pharmacological interventions
Reboxetine (RBX; 8 mg; Winthrop Arzneimittel GmbH, Frankfurt am Main, Germany) or equivalent placebo (PLC) medication (P-tablet; Pfizer Italia S.r.I., Ascoli Piceno, Italy) was administered 2 h before the start of the experimental sessions. A sufficient plasma level of RBX is achieved 2 h after oral intake, and the respective dose is sufficient to elicit prominent effects in the central nervous system (Dostert et al. 1997) . Steady state plasma concentrations are achieved after 5 days of drug intake (Pellizzoni et al. 1996) . In clinical application, the majority of antidepressants have therapeutic effects after approximately 2 weeks of treatment (Dostert et al. 1997; Kasper et al. 2000) . Therefore, we choose 3 weeks of administration of RBX for the chronic part of experiments, and started plasticity induction procedures after 2 weeks of administration in the chronic medication condition.
Monitoring of motor cortical excitability
TMS-elicited motor evoked potentials (MEPs) were recorded to monitor excitability changes of the motor cortical representation of the right ADM muscle. Single-pulse TMS was conducted by a Magstim 200 magnetic stimulator (Magstim, Whiteland, Dyfed, UK) with a figure-of-eight magnetic coil (diameter of one winding = 70 mm, peak magnetic field = 2.2 T). The coil was held tangentially to the skull, with the handle pointing backwards and laterally at an angle of 45 deg from midline, inducing a posterior-anterior current flow direction in the motor cortex. The optimal coil position (hotspot) was defined as the site where stimulation consistently resulted in the largest MEPs of the contralateral ADM. Surface EMG was recorded from the right ADM with Ag-AgCl electrodes in a belly-tendon montage. The signals were filtered (2 Hz to 2 kHz, sampling rate 5 kHz), amplified, and then stored on computer via a Power 1401 data acquisition interface (Cambridge Electronic Design, Cambridge, UK).
Experimental procedures
The study was conducted in a double-blinded, counter-balanced and placebo-controlled design. Each subject participated in six experimental sessions, including single dose RBX (the first 4 sessions) and chronic RBX (the last 2 sessions), or the respective placebo medication. For the single dose part, subjects received PLC or RBX combined with anodal or cathodal tDCS. Each experimental session was separated by 1 week to avoid cumulative effects. In the chronic RBX part, participants received RBX (8 mg day −1 ) consecutively for 21 days. The two sessions under chronic RBX application (RBX with anodal or cathodal tDCS) were conducted in counterbalanced order at the end of the second and third weeks after the start of chronic drug intake. At the beginning of each session, subjects were seated in a comfortable chair with head and arm rest. First the hotspot of the right ADM was determined over the left primary motor cortex, and 20 MEPs were recorded with the TMS intensity eliciting averaged 1 mV MEP as the first baseline (BL1). Two hours after administration of the medication, a second baseline (BL2) was obtained with the same intensity as BL1 to assess a possible influence of the medication on cortical excitability, and a third baseline (BL3) was recorded if necessary (if the BL2 MEP was outside the range of 80-120% of the BL1 MEP) with adjusted TMS intensity for ß1 mV MEP amplitude. Afterwards, tDCS was performed J Physiol 595.4 between 12.00 and 13.00 h. Immediately after tDCS, 20 MEPs were recorded at the time points of 0, 5, 10, 15, 20, 25, 30, 60, 90 and 120 min, and also the same evening (SE; between 18.00 and 19.00 h), next morning (NM; between 09.00 and 10.00 h), next noon (NN; between 12.00 and 13.00 h), and next evening (NE; between 18.00 and 19.00 h) (Fig. 1) .
Statistics
The individual MEP amplitude means of baselines 1, 2 and 3, and all time points after stimulation were calculated. After checking for normal distribution (Shapiro-Wilk test), a repeated-measure analysis of variance (ANOVA) for the time bins up to the next evening after stimulation was calculated with the within-subject factors time course, drug condition (placebo medication, single dose RBX and chronic RBX), stimulation type (anodal and cathodal) and the dependent variable raw MEP amplitude, including baseline 2, or, in case of adjustment of MEP amplitudes, baseline 3. The Mauchly test of sphericity was conducted, and the Greenhouse-Geisser correction was applied when necessary. In case of significant results of the ANOVA, post hoc comparisons were performed using Student's t test (paired samples, two tailed, critical P < 0.05, not corrected for multiple comparisons) to determine whether the MEP amplitudes before and after tDCS differed in each intervention condition and whether these differences depended on drug condition. Furthermore, we conducted an analysis of covariance (ANCOVA) with baseline raw MEP (baseline 2, or, in case of adjustment of MEP amplitudes, baseline 3) as co-variate, and for the chronic medication condition with order as co-variate to rule out systematic effects of order of conditions on the results.
To explore if baseline MEP and TMS intensity (percentage of maximal stimulator output, %MSO) needed to obtain baseline MEP differed between each session, the respective baselines were compared via Student's t test (paired samples, two tailed, P < 0.05, not corrected for multiple comparisons).
Results
All subjects tolerated tDCS and RBX well. None of them reported any side effects of either RBX or the stimulation upon request. RBX alone did not change baseline MEP amplitudes and stimulation intensity significantly, as revealed by Student's t tests comparing MEP between baseline 1 and baseline 2 (paired samples, two-tailed, P > 0.05) ( Table 1) .
The Shapiro-Wilk test indicted that all data were normally distributed (all P > 0.05). The results of the ANOVA showed significant main effects of drug (F(2) = 7.843; P = 0.006), stimulation (F(1) = 19.852; P = 0.002), and significant drug × stimulation (F(2) = 10.159; P = 0.007), and stimulation × time (F(14) = 4.964; P = 0.005) interactions. In addition, the result of ANCOVA did not show a significant effect of baseline MEP (baseline 2, or, in case of adjustment of MEP amplitudes, baseline 3) (P = 0.723), and the chronic medication conditions did not result in a significant effect of order (P = 0.617) ( Table 2) .
As revealed by the respective post hoc test, under placebo medication, cathodal tDCS decreased MEP amplitudes for up to 60 min after stimulation, whereas anodal tDCS increased cortical excitability for 90 min. Single dose administration of RBX enhanced the MEP amplitudes significantly as compared to placebo medication at the time points of 10, 15 and 25 min after anodal tDCS, The study was conducted in two parts. For the single dose medication part, subjects received a single dosage of 8 mg reboxetine (RBX) or placebo (PLC) medication with anodal or cathodal tDCS. After these four sessions, which were separated by at least 1 week from each other, they took 8 mg RBX consecutively for 21 days. In the 'chronic' part of the experiments, the other two sessions (RBX with anodal or cathodal tDCS) were conducted at the end of the second and third week. For each session, first baseline MEPs (BL1) were recorded with TMS. Two hours after intake of the medication, a second baseline (BL2) was determined and adjusted if necessary (BL3). Afterwards, tDCS was applied and MEPs were recorded after stimulation at different time points until next evening. Shown are the mean MEP amplitudes ± SD and stimulation intensity (percentage of maximum stimulator output, %MSO) mean ± SD of baseline 1, 2 and 3. The intensity of TMS was determined to elicit MEPs with a peak to peak amplitude of ß1 mV (baseline 1). A second baseline (baseline 2) was recorded 2 h after medication intake to determine the effect of the drug on cortical excitability and adjusted if necessary (baseline 3). Student's t tests revealed no significant differences between conditions (P > 0.05). whereas it reversed cathodal tDCS-induced inhibition into facilitation, which remained significant for up to 60 min after tDCS. Under chronic RBX, anodal tDCS resulted in larger MEP amplitudes compared to placebo medication at the time points of 10, 15, 20, 25, 30, 60 and 120 min and SE, NM, NN and NE after tDCS application. Furthermore, compared to the single dose condition, chronic RBX significantly increased MEP amplitudes at the time points of 20, 25, 30, 60, 120 min and SE, NM, NN and NE, which means the MEP amplitude enhancement was present for more than 24 h after tDCS until the next evening after stimulation. For cathodal tDCS, chronic RBX showed a similar effect to single dose administration compared to the placebo condition, which converted inhibition into facilitation with a more prominent excitability enhancement for 120 min after stimulation. In addition, chronic RBX resulted in a significant enhancement of MEP amplitudes compared to the single dose condition for 30 min and at the time point of 90 min after cathodal tDCS (Fig. 2) .
Discussion
The results of this study show that single dose administration of the selective NRI RBX increased LTP-like plasticity induced by anodal tDCS, whereas it turned cathodal tDCS-induced LTD-like plasticity into facilitation in healthy subjects. Moreover, under chronic administration, the LTP-like effects of anodal tDCS were prolonged for more than 24 h after intervention, and thus lasted relatively longer than those under single dose administration or placebo medication. For cathodal tDCS, chronic RBX showed larger LTP-like plasticity compared to single dose medication for 120 min after stimulation. The prolonged after-effects of anodal tDCS achieved by chronic RBX might explain the relevance of long-term administration of selective NRIs to exert optimal effects. Moreover, these findings support recent concepts that changes of neural plasticity are relevant for therapeutic effects of noradrenergic enhancement (Marzo et al. 2009; Bhagya et al. 2015) . Baseline MEP showed no significant differences after RBX intake, which differs from another study (Plewnia et al. 2002; Plewnia et al. 2004) . This difference between study results might be due to the fact that we used a stimulation intensity which elicits single pulse MEPs with peak-to-peak amplitudes of on average 1 mV instead of 180% motor threshold in the foregoing one. The latter criterion will result in larger MEPs. The respective different effects of RBX on baseline MEP might be caused by different pharmacological mechanisms involved in low and high intensity parts of the recruitment curve. Thus high, but not low, amplitude MEPs are relevantly affected by the glutamatergic system .
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Mechanisms
Our results are in accordance with the findings of a previous experiment, in which the monoamine reuptake inhibitor amphetamine prolonged the duration of the LTP-like after-effects induced by anodal tDCS (Nitsche et al. 2004) . They are also in line with results of animal slice experiments. Noradrenergic enhancement can enhance LTP and block LTD (Katsuki et al. 1997; Tully et al. 2007 ). The specific mechanism responsible for the effects of RBX on motor cortex plasticity in the human brain remains to be clarified in future studies. One candidate mechanism is the decrease of potassium conductance by the drug (Marzo et al. 2009 cRBX+ cathodal * * * * * * * * * * * * * * * * * Figure 2 . Impact of single dose and chronic reboxetine (RBX) on transcranial direct current stimulation (tDCS)-induced motor cortex plasticity Shown are raw MEP amplitudes after plasticity induction by anodal or cathodal tDCS under placebo (PLC), single dose RBX (sRBX), or chronic RBX (cRBX) conditions up to the next evening of the stimulation day. A, in the PLC condition (diamonds), anodal tDCS induced a significant excitability enhancement for up to 90 min after stimulation. Single dose RBX (squares) resulted in excitability enhancements for up to 120 min after stimulation. Chronic RBX (triangles) enhanced and prolonged these excitability enhancements until next evening. B, in the PLC condition (diamonds), cortical excitability was significantly reduced after cathodal tDCS for 60 min, whereas single dose (squares) and chronic RBX (triangles) converted the inhibitory effect into facilitation. Furthermore chronic RBX showed a significant enhancement of MEP amplitudes compared to the single dose condition for 30 min and at the time point of 90 min after stimulation. Error bars indicate SEM. The black symbols indicate significant differences of post-stimulation MEP amplitudes from respective baseline values. Floating symbols (square: single dose RBX; triangle: chronic RBX) indicate a significant difference between respective RBX conditions and placebo medication at the same time points (Student's t test, two tailed, paired samples, P < 0.05). * Significant differences between acute and chronic RBX conditions at the same time points (Student's t test, two tailed, paired samples, P < 0.05). SE, same evening; NM, next morning; NN, next noon; NE, next evening. membranes and enhance calcium influx into the intraneuronal compartment through NMDA receptors and voltage-dependent calcium channels (Gu, 2002) . The direction of induced plasticity depends on the amount of intracellular calcium. High enhancement of intracellular calcium induces LTP, whereas low enhancement results in LTD (Lisman, 2001 ). Since the after-effects of tDCS are NMDA receptor-and calcium-dependent (Liebtanz et al. 2002; Nitsche et al. 2003b) , RBX might have strengthened the excitability enhancement induced by anodal tDCS through an enhancement of calcium influx, which might prolong the after-effects of anodal tDCS. For cathodal tDCS, RBX might have shifted a small to large calcium increase through this mechanism and thus converted inhibition into facilitation. The calcium influx might be still lower for cathodal than for anodal tDCS, which would explain that the after-effects of cathodal tDCS were shorter lasting. However, this suggested mechanism is speculative at present. Which specific noradrenaline receptor subtypes are involved in this mechanism is not clear. β-Adrenoreceptors might be candidates, since in vivo and in vitro studies conducted in the dentate gyrus and in area CA1 of the hippocampus show that noradrenaline facilitates or induces LTP through β-adrenoreceptors (Katsuki et al. 1997) . Furthermore, since β-adrenoreceptors decrease calcium activation-dependent potassium conductance (Hass & Konnerth, 1983) , they are relevant for the conversion from early to late LTP (Straube & Frey, 2003) . Because noradrenaline also affects acetylcholine, serotonin and dopamine release and GABAergic activation (Page & Lucki, 2002) , which have been shown to modulate tDCS-induced plasticity, it cannot be ruled out that these modulators might have some impact on the effects (Kuo et al., , 2008 Nitsche et al., 2009) . Although the results of the present study are rather clear, it should be kept in mind that in this study we explored a specific dosage of RBX, which is not selective for a specific noradrenergic receptor, and explored plasticity of a specific cortical area. The effects of activation of adrenergic receptor subtypes on LTP and LTD might, however, differ (Katsuki et al. 1997; Kemp & Manahan-Vaughan, 2008) . Moreover, due to the neuromodulatory function of noradrenaline, noradrenergic activation might exert non-linear dosage-dependent effects, and specific effects might depend on receptor density of a specific area, which differs between regions (Katsuki et al. 1997; Marzo et al. 2009 ). These factors might explain at least partially conflicting results between studies. Future studies should thus consider the contribution of specific receptor subtypes, explore the impact of different dosages, and explore plasticity effects of noradrenaline in different cortical areas. These factors have been shown to contribute to the effects of other neuromodulators, such as dopamine, on plasticity (Kuo et al. 2008; Monte-Silva et al. 2010) .
Functional implications
Previous studies have shown that acute administration of RBX improves cognitive and motor performance in healthy subjects and depressed patients (Ferguson et al. 2003; Wang et al. 2009 ). Clinically, the majority of selective NRIs currently available have therapeutic effects only after approximately 2 weeks of treatment (Kasper et al. 2000) , suggesting that in addition to the rapid inhibition of noradrenaline reuptake, other long-term adaptive modifications are induced by chronic noradrenergic enhancement. Here, its impact on LTP-like plasticity is a candidate mechanism. Indeed, deficient LTP was restituted in patients suffering from major depression after successful therapy (Player et al. 2014) . In our study, repeated treatment with RBX significantly enhanced and prolonged LTP-like plasticity induced by anodal tDCS for more than 24 h, suggesting induction of late phase LTP, whereas for single dose administration the after-effects of anodal tDCS were only extended until the evening of the day of intervention. In accordance, animal models of depression suggest that repeated treatment with selective NRIs significantly restores hippocampal synaptic plasticity and reduces spatial learning deficits (Marzo et al. 2009; Bhagya et al. 2015) . These findings indicate the possibility that the enhancement of synaptic plasticity may contribute to adaptive changes induced by long-term antidepressant treatment. Interestingly, we found similar effects for the SSRI citalopram (Kuo et al. 2016) . Whether this is a relevant mechanism which can explain the delayed effects of antidepressants on clinical symptoms remains to be shown directly. Beyond depression, compromised plasticity plays a role in various neurological and psychiatric diseases, and restitution by interventional approaches might be an important mechanism for reducing clinical symptoms. Noradrenergic enhancement might be relevant for diseases which are accompanied by deficient LTP, such as post-stroke rehabilitation, and Parkinson´s disease, just to name a few. It was described that RBX can improve hand function in chronic stroke patients (Zittel et al. 2007) . Moreover, tDCS has been introduced as a potential therapeutic tool for diverse neurological and psychiatric diseases (Flöel, 2014; Kuo et al. 2014) . Given the strengthening effect of RBX on the aftereffects of tDCS, combining tDCS with selective NRIs might be a promising option to enhance the clinical impact of these interventions. Indeed, such synergistic effects have been demonstrated for the combination of a SSRI and tDCS as antidepressant therapy (Brunoni et al. 2013) .
Limitations
Some potential limitations of the present study should be considered. First, due to the limited time frame, we explored only 3 weeks for chronic administration of RBX.
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Second, to rule out an interference effect of plasticity interventions, a 1 week intersession interval was required. Since we did not have the chance to explore behavioural effects of noradrenaline in the present study, presumed functional implications are speculative at present. Third, we did not obtain drug plasma levels, which would have enabled exploration of dosage-dependent effects of the medication to some extent. Moreover, participants had not the exact identical duration of RBX intake in the respective chronic medication conditions (medication duration between 14 and 21 days). Participants received anodal stimulation after 2 weeks and cathodal stimulation after 3 weeks of RBX, or vice versa. To rule out systematic effects of order of conditions on the results, we conducted an ANCOVA for the chronic medication condition with order as co-variate, which ruled out an order effect.
Future studies
Since animal experiments showed different effects of α-and β-receptors on plasticity (Kemp & Manahan-Vaughan, 2008; McElligott & Winder, 2008; Wojtowicz et al. 2010) , future studies should consider the contribution of specific receptor subtypes (i.e. α 1 , α 2 and β 1 , β 2 , β 3 subtypes) in more detail. Moreover, we have found a 'focusing effect' of another neuromodulator, namely dopamine, on neuroplasticity, which strengthened focally induced but weakened or reversed non-focally induced plasticity (Kuo et al. 2008; Fresnoza et al. 2014) . In contrast, RBX might induce a de-focusing effect on plasticity, which would be an interesting difference from other neuromodulators. Therefore, future studies should consider exploring the noradrenergic effects with different plasticity induction protocols, such as paired associative stimulation, which induce more focally restricted plasticity. Given the variability of neuromodulatory brain stimulation interventions (López-Alonso et al. 2014; Wiethoff et al. 2014) , replication of the results of this study is also warranted. Finally, the results of the study were obtained in healthy volunteers. In neuropsychiatric diseases, transmitter availability and other features of brain function might be different. Thus, the assessment of the current set-up in patient groups suffering from depression, stroke and other neurological and psychiatric syndromes in which the adrenergic system or neuroplasticity is involved is required to explore transferability of results, and mechanisms.
Our results show modulatory effects of the selective NRI, RBX, on tDCS-induced plasticity in the human motor cortex. RBX shifted tDCS-induced plasticity in a facilitatory direction. This impact of noradrenaline on plasticity may be a relevant neurological foundation for the therapeutic effect of selective NRIs in depressed subjects. This finding also suggests that long-term administration of selective NRIs might be a promising pathway to treat patients with neurological deficits associated with compromised LTP-like plasticity. Furthermore, the results may help in understanding neuroplasticity processes in the human brain on the rational basis of pharmacological intervention.
